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For ovarian carcinoma patients with an elevated CA-125 level at diagnosis, elevation of the antigen at the time of second-look laparotomy is consistently associated with persistent disease. This study was undertaken to determine the sensitivity and specificity of abdominal/pelvic CT scans for persistent ovarian carcinoma in patients with normal CA-125 levels before second-look laparotomy. Forty-five patients with stage III and IV ovarian carcinoma who had CA-125 levels obtained prior to initial surgery, CA-125 values <35 IU m1-1 after chemotherapy and underwent a second-look laparotomy, were studied. Forty patients with initially elevated CA-125 levels normalized their CA-125 levels during chemotherapy. Five patients with normal initial CA-125 levels had values < 35 IU m1-1 at the completion of chemotherapy. CT scans were classified as definitively positive, suspicious or negative and were compared with second-look laparotomy results. Only two of the 45 patients (4.4%) had a positive scan which could be confirmed by CTdirected biopsy. In the 40 patients with initially elevated CA-125 levels, the sensitivity for abdominal/pelvic CT scans was only 10%. The negative predictive value was not altered by analyzing initial CA-125 values at critical values of 35, 100 and 500 IU m1-1. Among patients with CA-125 levels <35 IUm1-1 prior to initial treatment, four had no evidence of persistent disease on CT scan or second-look surgery and one patient with a suggestive CT scan had small volume disease (2 mm) at second-look laparotomy. For all 45 patients, when scans suggestive for persistent disease were included, CT scans had a sensitivity of 52% and a specificity of 75%. The addition of CA-125 testing decreased the sensitivity of abdominal/pelvic CT scanning for persistent disease. CT scanning is most likely to be of assistance in patients with liver or nodal disease or bulky residual disease after primary cytoreduction, since this disease is more likely accessible to CT-directed biopsy. Patients with negative CA-125 levels prior to initial surgery may also benefit.
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physical abnormalities is not a reliable indicator of the absence of disease. The second-look laparotomy, an invasive operative procedure, remains the most sensitive method for determining the disease status of patients with ovarian carcinoma following primary chemotherapy. With the advent of computerized tomography in the mid-1970s, an important noninvasive technique for evaluating the abdominal and pelvic contents became available. Studies have shown that abdominal pelvic CT scans prior to second-look laparotomy can detect persistent disease in 11-84% of cases (1) (2) (3) (4) (5) (6) (7) (8) (9) .
In 1983, Bast et al. developed CA-125, a monoclonal antibody against an ovarian cancer antigen (1°). In patients with elevated CA-125 levels at the time of diagnosis, elevation of this antigen at the time of second-look laparotomy was consistently associated with persistent disease (1~-13). In 1987, the FDA approved CA-125 as a tumor marker which, if elevated above 35 IU ml-1, could be used to obviate second-look laparotomy. CA-125 has assumed a pivotal role in the management of patients whose levels are elevated at the time of diagnosis. However, despite clinical absence of disease and normalization of CA-125 levels, 56-73% of patients will be found to have persistent ovarian cancer at second looklaparotomy (11) (12) (13) (14) . The role of abdominal pelvic CT scanning in a population of patients who have completed chemotherapy with normalization of initially elevated CA-125 has not been studied. In the current report, we examine the impact of CA-125 on the sensitivity of CT-scanning before second-look laparotomy.
Patients and methods
Patients treated at the University of Massachusetts Medical Center for stage III and IV ovarian carcinoma who had: (a) an initial CA-125 drawn between 1984 and 1992; (b) a complete clinical response after a prescribed course of chemotherapy, and (c) were candidates for and consented to a second-look laparotomy; were the subjects of this study. As a prerequisite, all patients with elevated CA-125 levels normalized by the time of their proposed second-look surgery. Additionally, all patients had to have undergone a CT scan of the abdomen and pelvis after the completion of chemotherapy and prior to the proposed second-look laparotomy which was performed within 4-6 weeks of completion of chemotherapy. CT scans were obtained within 3 weeks of surgery and, in cases in which a definitive mass was identified and could be biopsied, a percutaneous needle biopsy was performed. In cases where a definitive diagnosis of persistent disease could not be obtained, second-look laparotomy was performed. Second-look laparotomy findings were classified as negative, macroscopically positive if a biopsy of a suspicious area was histologically positive or microscopically positive if only a non-suspicious area was histologically positive.
CA-125 assays were performed using the Centocor CA-125 RIA kit (Centocor, Malvern, PA). Patients were classified as CA-125 positive if their serum levels were elevated above 35 IU ml-1 or CA-125 negative if their values were < 35 IU m1-1 prior to initial treatment. Early in our study CA-125 levels > 500 IU ml 1 were not diluted to determine the exact value. To determine if the degree to which CA-125 was positive was important, the significance of a pretreatment CA-125 was analyzed at the following critical values; 35, 100, and 500 IU ml--1
Of the 45 patients in our study, 33 CT scans were obtained for a second review. Of those 33, 30 were performed at the University of Massachusetts Medical Center. These studies were performed on a GE 9800 unit. For opacification of the gastrointestinal tract, 'redi-cat 2' (barium suspension) was given at least 4 h before imaging, followed by a repeat dose 30 min prior to the CT scan. Images were obtained of the liver before intravenous (IV) contrast was administered. However, intravenous contrast was given to all but one of these patients who had a prior contrast reaction. The IV contrast used was Renografin 60% or Hypaque 60% as a 150 cc bolus, injected in a biphasic technique at 1.2 cc/s for 100 cc and 0.7 cc/s for 50 cc. Dynamic imaging of the liver was obtained. A vaginal tampon was used for localization of the vagina by trapped air. Imaging was done at 10 mm intervals from the dome of the diaphragm to the symphysis pubis. The three cases done at outside institutions were performed with comparable equipment, with oral and IV contrast.
The CT scans were reviewed by one author, a radiologist, without knowledge of second-look laparotomy findings. CT scans suggestive of persistent disease including scans demonstrating mesenteric thickening, bowel wall thickening and small amounts of ascites were classified as suggestive. In patients with suggestive scans with lesions not amenable to biopsy confirmation, secondqook laparotomy was performed. True positive results were defined as suspected disease on CT scanning which was histologically confirmed. The CT findings and results (but not CA-125 values) of 12 of the 45 patients at secondqook laparotomy were previously reported (8~.
Results
Forty-five patients were studied. Forty had CA-125 levels elevated above 35 IU ml-1, and five had levels < 35 IU m1-1 at diagnosis. The characteristics of the population including CA-125, stage, histology, postoperative residual disease, and disease status at second-look evaluation are listed in Table 1 . Among the 40 CA-125 positive patients, initial CA-125 levels varied from 38-24 000 IU ml-1 with a median value of 326 IU ml-1. On abdominal/pelvic CT scan only two of the 45 patients (4.4%) had a positive scan which could be confirmed by CT-directed biopsy. In both cases persistent disease involving the liver was histologically confirmed. Both patients had stage IIIC ovarian carcinoma and had no evidence of hepatic metastases on the CT scan obtained prior to their primary surgery. One patient experienced significant bleeding after her liver biopsy, requiring hospitalization for 4 days and transfusion of two units of red blood cells. The sensitivity of CT scans for persistent disease for all patients was 9.5%.
Twenty of the 40 patients (50%) who normalized their CA-125 levels after chemotherapy had persistent disease at second-look laparotomy. Sixteen of these 20 had gross evidence of persistent disease, nine of whom had tumor implants measuring greater than 2 cm. Only two of nine patients could be diagnosed by CT-© 1996 IGCS, International Journal of Gynecological Cancer 6, 213-218 directed needle biopsy. In this group of patients, the sensitivity of abdominal/pelvic CT scan for persistent disease that could be evaluated by biopsy was 10%. For those patients who had normalized their CA-125 level, the positive predictive value and negative predictive value were 100% and 53% respectively. When analyzed at an initial critical threshold CA-125 level of 100 IU m1-1, 6.3% of patients had positive CT scans, and the sensitivity was 11.8%. The negative and positive predictive values were 50% and 100%, respectively. At an initial critical threshold value of 500 IU ml-1, none of patients had positive CT scans and the negative predictive value was 50%.
Five patients with normal CA-125 levels prior to initial treatment underwent abdominal/pelvic scans before second-look laparotomy. In four of the five patients, CT scans and second-look laparotomy were negative. One patient with a suggestive CT scan was found to have persistent 2 mm disease at second-look surgery.
For all 45 patients, when CT findings suggestive of persistent disease were included, CT scans had a sensitivity of 52% and specificity of 75% (Table 2) . Eleven cases had a positive CT scan and positive findings at second-look surgery. Six patients had CT findings suggestive of persistent disease but were found to be negative at second-look surgery. Using findings suggestive of disease, the positive and negative predictive values of abdominal/pelvic CT scan were 65% and 64%, respectively.
Comment
Prior studies concerning the use of abdominal/pelvic CT scans before second-look laparotomy have reported sensitivities and predictive values that have varied widely (Table 3 ). Many previous publications addressing this issue have classified findings suggestive of persistent disease as positive. Additionally, a suggestive CT scan and a positive second-look laparotomy have been considered a true positive, irrespective of the correlation of sites of the abnormal CT and histologic findings. In the current study the site of suspected disease on CT scanning and sites and sizes of persistent disease at second-look laparotomy are compared.
The limitation of CT scanning in the detection of small peritoneal implants has previously been recognized by many authors O' 2"4"5"7' 9). The introduction of CA-125 into the management of ovarian cancer patients has allowed greater precision in determining response to therapy and the presence of persistent disease (1°). Although this marker has allowed better selection of patients for second-look laparotomy, approximately one-half of patients with normal CA-125 levels have persistent disease at second-look laparotomy (11) (12) (13) (14) . Even with normalization of CA-125 levels within 3 months of initial surgery, 36% of patients have persistent disease °5).
In the current study, which was limited to patients who had normal CA-125 levels before second-look laparotomy, only two patients (4.4%) had CT evidence of definitive persistent disease which would obviate second-look surgery. Both of these patients had liver metastases. Since 47% of patients had persistent disease at surgery, the sensitivity of CT for definitive persistent disease was only 9.5%. Abdominal/pelvic CT scanning was highly specific (100%) for definitive persistent disease which could be histologically confirmed in both patients. Unfortunately, one patient developed significant bleeding following fine needle liver biopsy. This complication is rare and seen in only four of 1060 cases reported by Bret et al. (16) . The use of different critical threshold values for CA-125 did not affect the negative predictive value significantly. When CT-findings suggestive of persistent disease were included, the sensitivity of abdominal/pelvic CT scans for persistent disease increased from 9.5% to 52%. However, the specificity decreased from 100% to 75%.
Fifteen of the 20 CA-125 positive patients who had a positive second-look laparotomy, had gross disease which in nine cases was greater than 2 cm. In previous studies, patients who normalized their CA-125 uniformly had less than 2 cm of persistent disease found at second-look laparotomy (11"12) . Persistent disease of this size would be difficult to detect with computerized tomography. Patsner et al. reported the collaborative results of 125 patients who prior to diagnosis had elevated CA-125 levels and after completing chemotherapy underwent second-look laparotomy (17) . Thirteen of the 102 patients (12.7%) who normalized their CA-125 had persistent disease at second-look measuring greater than 2 cm. Disease of this size is more likely to be detectable by CT scan, particularly if it is located in the retroperitoneum or organ parenchyma.
Five patients in our study had normal CA-125 levels before diagnosis. Because of the small number of patients in this subgroup, no definite conclusions can be drawn. However, the accuracy of CT scans in this population should be similar to that reported before the introduction of the CA-125 assay.
Our current results differ from our previously published results regarding the sensitivity of abdominal/pelvic CT scans in ovarian cancer (s). In the previous study, CA-125 levels were not utilized to determine eligibility for second-look laparotomy. The sensitivity of CT scans for persistent disease in this population was 84%. With recognition of persistent disease in patients with elevated levels of CA-125, our current study has a more select group of patients for P.G. Rose et. al.
second-look laparotomy. A second important factor is the amount of residual disease following initial cytoreductive surgery. In three consecutive studies from our institution, the percentage of patients optimally cytoreduced has increased significantly; 27%, 69%, 86% during 1981-1984, 1985-1988, 1988-1990 respectively ~1s-2°).
The current study suggests that the sensitivity of abdominal/pelvic CT scans in a population of patients with normalization of their CA-125 is markedly less than reported in the literature when considering abdominal/pelvic CT scans that are definitively positive. With the more general categorization of positive for persistent disease including suggestive findings, as used in previous publications, the sensitivity of CT in this study is also lower when CA-125 values are considered. Abdominal/pelvic CT scans are extremely specific for the presence of definitive-appearing persistent disease before secondlook laparotomy. Patients with nodal disease or organ parenchymal disease are most likely to benefit from CT studies, since a positive biopsy could preclude second-look surgery. Patients with ovarian malignancies who do not have elevated CA-125 levels prior to initial treatment may also benefit from abdominal/ pelvic CT scanning as part of their disease status evaluation.
